The effect of alloying small amounts of ZnO with ZnSe on the electronic band structure has been studied. Optical transitions in MBE-grown ZnO x Se 1-x epitaxial films (0 < x < 1.35%) were investigated using photoreflectance and photoluminescence spectroscopies. The fundamental band-gap energy of the alloys was found to decrease at a rate of about 0.1 eV per atomic percent of oxygen. The pressure dependence of the band gap was also found to be strongly affected by the O incorporation. Both the effects can be quantitatively explained by an anticrossing interaction between the extended states of the conduction band of ZnSe and the highly localized oxygen states located at approximately 0.22 eV above the conduction band edge.
Highly mismatched semiconductor alloys (HMAs) in which the constituent anion elements is replaced by an element with highly dissimilar properties are currently attracting considerable attention. The electronic properties of HMAs deviate drastically from the predictions of the virtual crystal approximation (VCA). 1, 2 The most extensively studied HMAs to date are III-N-V alloy systems. It has been found that the substitution of the group V element in group III-V compounds with small amounts of nitrogen leads to dramatic changes of the electronic properties, resulting in a reduction of the fundamental band-gap energy as opposed to the increase predicted by the VCA, 3, 4 significant increase in electron effective mass and decrease in electron mobility, [5] [6] [7] and the appearance of a new optical transition (E + ) from the valence band to the conduction band at the Γ point. 8, 9 As one quantitative example, the incorporation only one percent of nitrogen into GaAs can induce a strikingly large reduction of 0.18 eV in the fundamental band-gap energy.
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Similar effects have also been observed recently in group II-telluride compounds alloyed with Se, S, or O atoms. 11, 12 So far, due to the limited solubility of oxygen in II-VI compounds, the group II-O-VI alloys were synthesized by ion implantation only. A disadvantage associated with this synthesis method is that it is difficult to determine the concentration of the substitutional oxygen atoms. In this letter, we show that the recent success in growth of high quality ZnO x Se 1-x alloys using molecular beam epitaxy (MBE) makes it possible for us for the first time to carry out a systematic study of the effect of oxygen incorporation on the electronic ZnOSe layer thickness is around 600 nm for all the samples. The oxygen concentration in the films was determined assuming Vegard's law using lattice constants determined from the double-crystal X-ray diffraction rocking curves measured in the (400) and (511) planes. 13 The uncertainty of O composition is about 20%. It is very interesting to note that the determined energy location of the O level in ZnSe can be used to evaluate band-edge offsets between ZnTe and ZnSe. It has been well established that the energy levels of highly localized states are independent of the host material. For example, the locations of the d-states of transition metals, have been used to determine the band edge offsets 19 and the band edge deformation potentials in compound semiconductors. 20 The O level was previously found to locate at about 0.24 eV below the conduction band edge in ZnTe.
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Combined this with our current result of 0.22 eV above the conduction band edge of ZnSe for the O level, it yields a value of ∆E c ≈ 0.46 eV for the conduction-band offset and ∆E v ≈0.9 eV for the valence band offset for ZnTe/ZnSe system.
Finally, it has to be pointed out that the absence of spectral features related to the optical transition associated with the conduction-band edge E + is not inconsistent with the BAC model.
Note that the E + band edge is of mostly localized-like character, and since the dipole interaction for optical transitions couples much more strongly to extended states than localized states, the transition related to E + is inherently weak. In addition, the energy separation between E + and E_ and the oscillator strength of E + transition depend on the O content and the coupling parameter.
In the case of GaN x As 1-x , with C NM =2.7 eV, the E + transition can be spectrally observed only at the range of x > 0.005~0.008. 9, 21, 22 This indicates that, with an almost two times smaller coupling parameter of C OM ≈1.8 eV in ZnO x Se 1-x , it will certainly require an alloy composition of x > 0.2
to resolve E + -transition related spectral feature.
In conclusion, we have studied the effect of oxygen on the electronic band structure of Figure 3 
